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(54) PHOTOELECTRIC CONVERSION ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a photoelectric conversion element which has an excellent 
photoelectric conversion characteristic and is not deteriorated much even when a 
high-luminance light source is used by successively forming a p-type semiconductor 
layer, a fullerene layer, and back electrode on a transparent substrate. 
CONSTITUTION: This element is constituted by successively forming a transparent 
electrode 2, p-type semiconductor layer 3,(a"nlllerene4ayeM, and back electrode 5 on a 
transparent substrate 1 and, when illuminating light is emitted from the surface of the 
substrate 1 by connecting lead wires 6 and 7, the electrodes 2 respectively becomes a 
positive and negative poles and a photoelectric current starts to flow. In addition, while 
high quantum efficiency and an excellent rectifying property are obtained, it is 
considered that these characteristic are realized by the combinational effect of the 
semiconductor layer 3 and a fullerene layer 4 which functions as an n-type 
semiconductor. Since the photoelectric conversion element is constituted in a laminated 
state, the element has excellent photoelectric conversion characteristics, such as high 
photoelectric current efficiency, high rectifying property, etc., and, at the same time, the 
element can exerts an excellent performance without causing any optical deterioration 
even when a high-luminance light source is used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 

damages caused by th e use o f thi s translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] about an optoelectric transducer, this invention is upwards excellent in the photoelectric transfer 
characteristic, excellent also in weatherability - the light source of high brightness also has little photodegradation ~ in more 
detail, and, moreover, easy to manufacture - etc. - it is the optoelectric transducer which has an advantage, for example, is 
related with the optoelectric transducer which can be suitably used as a solar battery, a photosensor, a light-receiving device, etc. 
[0002] 

[Description of the Prior Art] Now, the solar battery put in practical use is manufactured using the silicon of the shape of a single 
crystal, polycrystal, or amorphous. However, since the optoelectric transducer of these former needs to use the thing of a high 
grade extremely as raw material silicon, it has the difficulty that the manufacturing process is complicated and cost becomes very 
high. Moreover, although development of the optoelectric transducer of an organic system with an easy manufacturing method is 
also furthered, since the coloring matter of an organic system has problems, like weatherability and conductivity are generally 
low, it has not resulted in development of a practical element. 

[0003] By the way, the fullerene of C60, C70, and C84 grade which are the carbon cluster which has closed-shell structure as a 
new carbon material is compounded by lasing, arc discharge, etc. of graphite, and research for these use development is briskly 
advanced recently. 

[0004] In such research, it is found out that photoelectrical converter ability is in fullerene C60 the very thing recently. 
[0005] For example The vacuum evaporationo of the fullerene layer (what contains fullerene C70 5 to 15% in fullerene C60) is 
carried out between the electrodes with a transparent substrate which carried out vacuum deposition of the Au electrode on the 
melting Ishi [ Hidemoto ] board. It is reported that the photoelectric transfer characteristic is shown by optical irradiation whose 
element made into the sandwich structure is the wavelength range of 400-900nm [the collection of the first time C60 synthesis 
symposium lecture summaries of south Shinji and Chemical Society of Japan C60 study group, p79-82, and September 6, Heisei 
3]. In the case of this element, even when a fullerene layer is close to a monomolecular layer, it is shown that an effective thing 
and a photocurrent value are proportional to the 2.5th power of this voltage in the range of those inter-electrode applied voltage 
600-1 300V, and proportional to the 0.5th power of this irradiation light intensity in irradiation light on-the-strength 
5x1014-5x1015 photon cm-2s-l . Moreover, if this element is moved from under a vacuum to the bottom of air atmosphere, since 
both a photocurrent value and a dark current value will increase greatly, acting as oxygen or a dopant [ as opposed to fullerene in 
water ] has also guessed. 

[0006] Moreover, on a slide glass, on the field of alurriinum electrode (front electrode) deposited as a translucence-like thin film, 
carry out vacuum deposition of the pure fullerene C60, and fullerene C60 layer with a thickness of about lOOnm is formed. It is 
also reported that the element of composition of having prepared aluminum or Au vacuum evaporationo film as a back electrode 
on the fullerene C60 layer field shows a photo-electric-translation operation [the collection of the second time C60 synthesis 
symposium lecture summaries of Yoshitomo Yonehara et al. and Chemical Society of Japan C60 study group, p68-70, and 
September 6, Heisei 3]. Although 1 photon process generates a photocurrent under weak light irradiation in the case of this 
element, under strong light irradiation, it admits generating by two-photon process. Moreover, since the photocurrent value was 
much larger than the case where the direction at the time of carrying out from a front electrode (alurriinum electrode) side 
performs optical irradiation (wavelength of 400nm) from a back electrode side, when the interface (a front aluminum electrode 
and fullerene C60 layer) has judged with what shows optical activity and just carries out a front aluminum electrode in the 
experiment of the dark current voltage characteristic on the other hand, it is also admitted that the rectifying action of the forward 
direction is shown. Furthermore, the high rectifying characteristic and photoelectrical flow rate child efficiency of the above since 
existence of the aluminum oxide (AlOx) produced from the result of ESCA analysis of an element by contact to air in the interface 
of alurriinum electrode of a front and a fullerene layer is accepted are this AlOX. The idea of being based on the MIS junction 
based on an insulating layer is also proposed. 

[0007] Thus, the optoelectric transducer constituted from a form which joins a metal-electrode pair called aluminum and Au to 

the layer of fullerene C60 directly is already known, and research on many properties of these elements is advanced. 

[0008] However, the optoelectric transducer by combination with the fullerene of fullerene C60 grade and a p type semiconductor 

was not yet known. 

[0009] 
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[Problem(s) to be Solved by the Invention] this invention is made based on the aforementioned situation, 

[0010] the purpose of this invention is upwards excellent in the photoelectric transfer characteristics, such as photocurrent 

efficiency and a rectifying action, excellent also in weatherability -- the light source of high brightness also has little 

^ph^odegradation^^d^ manufacture -- etc. -• it is in offerin g the o ptoelectric transducer which has an 

advantage 
[0011] 

[Means for Solving the Problem] this invention person repeated research wholeheartedly about the new element composition of 
the optoelectric transducer using the fullerene of fullerene C60 grade that the aforementioned purpose should be attained. 
Consequently, the p type semiconductor layer other than a fullerene layer was used at least, and the element which has the 
composition which carried out the laminating of a p type semiconductor layer, a fullerene layer, and the back electrode one by one 
on the transparent electrode on a transparent base material found out the outstanding optoelectric transducer and outstanding bird 
clapper which satisfy the aforementioned purpose. 

[0012] This invention persons came to complete this invention mainly based on these knowledge. 

[001 3] That is, this invention relates to the optoelectric transducer characterized by having carried out the laminating of a p type 
semiconductor layer, a fullerene layer, and the back electrode one by one, and constituting them on the transparent electrode on a 
transparent base material. 

[0014] As the aforementioned transparent base material used for the element of this invention, especially a limit has usable things 
of various kinds of transparent quality of the materials, such as what there is not and is regularly used by optoelectric transducers, 
such as a well-known solar battery, etc. As the example, the thing of organic systems, such as a thing of inorganic [, such as glass 
and a quartz, ] or a ceramic system and a transparent resin, or the thing which combined them can be illustrated, for example. 
[001 5] What has conductivity sufficient by various kinds of transparence, such as what especially a limit does not have as the 
aforementioned transparent electrode used as a component of the element of this invention, and is regularly used by optoelectric 
transducers, such as a well-known solar battery, etc., is usable. As the example, the metal system thin film-like electrode which 
has transparency, such as metallic-oxide system transparent electrodes, such as an ITO membrane electrode and a NESA 
membrane electrode, aluminum thin film, and Au thin film, can mention what compounded these, for example. Also in these, 
usually, metallic-oxide system transparent electrodes, such as an ITO membrane electrode, are used suitably, and especially an 
ITO membrane electrode is adopted suitably. 

[0016] The aforementioned p type semiconductor layer used as a component of the element of this invention can be constituted as 
a layer of a p type semiconductor which consists of various kinds of material, such as a well-known p type semiconductor 
material. As this p type semiconductor, various kinds of p type semiconductors by the p type semiconductors of inorganic 
systems, such as various kinds of p type semiconductors which consist of organic system compounds, such as a phthalocyanine, 
various metal phthalocyanines, a triphenylamine derivative, a hydrazone system derivative, and a stilbene system derivative, 
GaAs, CdS, and silicon, or such combination etc. can be mentioned, for example. Also in these, the thing of organic systems, such 
as a metal phthalocyanine, is suitably used at the point referred to as being easy to perform the stratification by easy methods, such 
as the solvent applying method and a simple vacuum deposition method. Of course, inorganic system semiconductors, such as p 
type silicon regularly used by the conventional solar battery etc., are also used suitably. 

[0017] Although there are some which contain various kinds of metals as the aforementioned metal phthalocyanine, as long as 
realization of a p type semiconductor property is possible, you may contain what metal kind. As an example of such a thing, Cu 
phthalocyanine, titanylphthalocyanine, aluminum phmalocyanine chloride, etc. can be mentioned, for example. Also in these, Cu 
phthalocyanine, titanylphthalocyanine, etc. can use it suitably, for example. 

[0018] In addition, formation of this p type semiconductor layer can be performed using various kinds of methods, such as a 
well-known method. This p type semiconductor layer can be suitably selected as various kinds of gestalten or the layers of a 
character, such as polycrystal by a single crystal wafer, the polycrystal wafer, the vacuum deposition, CVD, the solvent applying 
method, etc. , <^or^hous-like films^or these layers that were combined, in that case. For example, the amorphous silicons formed 
of the single crystal silicon wafer which has a p type semiconductor property, a polycrystal silicon wafer, CVD, etc., or such 
multicomputer system material can be used suitably, and polycrystal silicon and an amorphous silicon are usually suitable, when 
using p type silicon from the point of a price also in these. Moreover, in the case of the p type semiconductor material of organic 
systems, such as a metal phthalocyanine, the layer formed by the solvent applying method or the vacuum deposition method is 
usually suitably used from the point that film production operation is simple. 

[0019] Furthermore, you may make this p type semiconductor layer contain other components other than p type semiconductor 
material in the range which does not check the purpose of this invention if needed. For example, the stratification may be 
performed using a suitable cementitious material, and a photosensitizer and a doping agent may be added suitably. 
[0020] The aforementioned fullerene layer used as a component of the element of this invention is constituted as a layer which 
consists of one sort or two sorts or more of fullerene. As fullerene used for this fullerene layer, the fullerene of various kinds of 
carbon numbers of C60, C70, and C84 grade can be mentioned, and these can be used by the one-sort independent, or can also 
use two or more sorts together as mixture etc., for example. What makes a principal component fullerene C60 or fullerene C60, 
and contains other fullerene of fullerene C70 grade in this especially also in these is used suitably. 

[002 1 ] In addition, if needed, a suitable doping agent may be suitably added in these fullerene or a fullerene layer, and a fullerene 
layer may be formed in it using the fullerene doped beforehand in that case. Moreover, in these fullerene or the fullerene layer, 
other components may be contained in the range which does not check the purpose of this invention, or suitably, other 
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components are added and layer formation may be carried out if needed. That is, as a formation raw material of a fullerene layer, 
the fullerene of a high grade may be used and the fullerene containing a little impurity may be used. Moreover, you may make a 
fullerene layer form using a suitable cementitious material. 

[0022] The t hing_of_the quality_of,the materiaLwhich has-various kinds-Qf-Conductiyity m can c_onsUtute the^ 

electrode used as a component of the element of this invention. As this back electrode, usually, although metal electrodes, suck as 
aluminum, Au, and an Mg-Ag alloy, are used suitably, it is not necessarily limited to the thing of a metal system, and things other 
than metal electrodes, such as a conductive oxide and conductive resin, can also be used if needed. 

[0023] As thickness of the aforementioned p type semiconductor layer, it is usually appropriate preferably to select [ 5-200nm ] in 
the range of 10-150nm. even if it makes it not much thick so that the effect (for example, the improvement effects originating in 
p-n junction, such as photocurrent efficiency and a rectifying characteristic) as a p type semiconductor may not fully be 
demonstrated for this thickness by less than 5nm and this thickness may exceed 200nm on the other hand, there is what the 
trouble of not seeing but a performance falling by the increase in internal resistance etc. on the contrary produces the further 
improvement in the effect corresponding to the increase in the thickness for 

[0024] as the monomolecular layer of fullerene usually used as thickness of the aforementioned fullerene layer - thickness (for 
example, about 5nm) - it is appropriate preferably to select [ 200nm ] in the range of 10-1 50nm Thus, although the minimum of 
the thickness of this fullerene layer can be made into the thickness as a monomolecular layer of the fullerene to be used, in order 
to make the stable higher photoelectric transfer characteristic realize, it is desirable to consider as the thickness of lOnm or more 
as mentioned above. Thus, while the outstanding photoelectric transfer characteristics, such as high photocurrent efficiency and a 
high rectifying action, were demonstrated by preparing the fullerene layer of the thickness more than a uniform monomolecular 
layer, when the p type semiconductor material of an organic system is used for a p type semiconductor layer, the highly efficient 
optoelectric transducer which has high weatherability (for example, it is easy to be the endurance in which the light source of high 
brightness does not have photodegradation, either) can be realized. On the other hand, even if it makes it not much thick so that 
the thickness of this fullerene layer may exceed 200nm, the further improvement in the effect corresponding to the increase in the 
thickness is not found, but the trouble of a performance falling by the increase in internal resistance etc. on the contrary may 
produce it. 

[0025] In addition, what is necessary is for there to be especially no limit and just to select it in suitable thickness suitably 
according to the purpose of use etc. as each thickness of the aforementioned transparent base material, a transparent electrode, 
and a back electrode. 

[0026] It is important for the element of this invention on the aforementioned transparent electrode on the aforementioned 
transparent base material that the aforementioned p type semiconductor layer, the aforementioned fullerene layer, and the 
aforementioned back electrode have the composition by which the laminating is carried out in this sequence. Although drawing 1 
is cross-section explanatory drawing showing one example of the composition of the element of this invention, it should just be 
taken as the composition to which the laminating of the transparent base material 1 , a transparent electrode 2, the p type 
semiconductor layer 3, the fullerene layer 4, and the back electrode 5 was carried out one by one at least in this way. 
[0027] In addition, in the example of drawing 1 , although each class is shown as monolayer structure, respectively, these 
transparent base materials, a transparent electrode, a p type semiconductor layer, a fullerene layer, and a back electrode are good 
also as multilayer structure which consists of more than two-layer if needed, respectively. Moreover, among these each class, you 
may prepare a suitable interlayer in the range which does not check the purpose of this invention if needed. For example, the 
i-type-semiconductor layer of thickness suitable between a p type semiconductor layer and a fullerene layer may be prepared, and 
the oxide layer may be formed in the metal-electrode side. 

[0028] As shown also in drawing 1 , of course, the mechanism suitably connected to the external circuit of lead wire 6 and 7 
grades so that it may usually be carried out can be prepared in this element, 

[0029] As shown in drawing 1 at the time of the use as an optoelectric transducer of the element of this invention, irradiation 
introduction of the irradiation light 8 will be carried out into an element from the field of the transparent base material 1 . In that 
case, photoelectromotive force occurs efficiently and a high rectifying action is shown. Since in the case of this element a 
transparent electrode 2 turns into a positive electrode (+ very) and the back electrode 5 turns into a negative electrode (- very) by 
optical irradiation, the photocurrent 9 of the direction shown in drawing 1 will flow at the time of use. 
[0030] In addition, in the element of this invention, the aforementioned fullerene layer functions as a n-type semiconductor. 
Although the element of this invention shows high photoelectrical flow rate child efficiency and the outstanding rectifying action, 
it is thought that these outstanding properties are realized by the combination effect (p-n junction) of the fullerene layer which 
functions as a p type semiconductor layer and a n-type semiconductor at least. 

[003 1] The element of this invention can be manufactured using various technique, such as various kinds of well-known 
producing-film methods and the laminating technique. For example, the layer and electrode of each above can be formed with the 
application of various kinds of technique, such as an application of vacuum deposition, sputtering, a solution, or dispersion liquid, 
and dryness. Moreover, in case a fullerene layer and a p type semiconductor layer are made to form especially as described above, 
you may make it bind using a suitable binder suitably. 

[0032] Moreover, there is especially no limit also as built-up sequence of each class, and it can constitute from arbitrary 
sequence. For example, a transparent electrode may be made to form beforehand on the predetermined field of a transparent base 
material, and a p type semiconductor layer, a fullerene layer, and a back electrode may be formed in this transparent electrode one 
by one, or a fullerene layer and a p type semiconductor layer may be formed one by one on the predetermined field of a back 
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electrode, and the transparent electrode supported by the transparent base material on this p type semiconductor layer may be 
joined. Of course, a transparent electrode may be formed on the field of a p type semiconductor layer, and an element may be 
constituted. Thus, the element of this invention can be manufactured with various manufacturing processes and methods. 

40j0:OlA^explainedi^ 

composition which has arranged at least these and in order of the specification of the above [ a transparent base material, a 
transparent electrode, and a back electrode ] using a fullerene layer and a p type semiconductor layer It is the good highly efficient 
optoelectric transducer of the endurance in which high weatherability is demonstrated when the p type semiconductor material of 
an organic system is used for a p type semiconductor layer, while the outstanding photoelectric transfer characteristics, such as 
high photocurrent efficiency and a high rectifying action, were shown, for example, the light source of high brightness does not 
have photodegradation, either. Moreover, since the solvent organic system p type semiconductor material which can produce a 
film can be easily used especially for the optoelectric transducer of this invention suitably by the vacuum deposition method or the 
solution applying method, manufacture of an element is remarkable also from this point, and it is easy, and also has the advantage 
on manufacture of being able to reduce a manufacturing cost. 

[0034] Therefore, the optoelectric transducer of this invention can begin a solar battery, and can use it suitably as an optoelectric 

transducer in various kinds of use fields, such as a photo sensor and a photosensor. 

[0035] 

[Example] Although the example and its example of comparison of this invention explain this invention still more concretely 
below, this invention is not limited to these examples. 

[0036] On it, vacuum deposition of the Cu phthalocyanine was carried out to the thickness of 40nm as a p type semiconductor on 
the field of the ITO film of a glass substrate with an example 1 ITO film, vacuum deposition of C60 was carried out to the 
thickness of 40nm, on the field of 60 layers of these C, the vacuum evaporationo of the magnesium-silver alloy was carried out as 
a back electrode, and the element was formed. With the lens, it condensed, the light of the tungsten lamp which attached the heat 
ray cut-off filter to this element was irradiated, and the photoelectromotive force generated in an ITO film (transparent electrode) 
and back inter-electrode was measured at that time. When the light of incidence power 270 mW/cm2 was irradiated, they were 
open end voltage 0.25 V, short-circuit current 2.5 mA/cm2, and 0.07% of power conversion efficiencies. 
[0037] It is N and N-screw (2, 5-JITA challis buthylphenyl) as example of comparison 1 n-type semiconductor. - The element 
was produced by the same operation as an example 1 except the layer of 3, 4, 9, and 10-perylene dicarboxyimide having been 
formed. As a result of measuring the photoelectric transfer characteristic similarly about this element, photoelectromotive force 
was hardly observed. In the combination of these well-known p types and an n type organic semiconductor, when the incidence 
power of the light source was large, it checked that photoelectromotive force could not be obtained. 

[0038] It is shown that the optoelectric transducer which carried out the laminating of the C60 which is one sort of fullerene also 

from this result and the result of an example 1 is excellent in optical resistance. 

[0039] 

[Effect of the Invention] The optoelectric transducer of this invention is a new optoelectric transducer constituted combining the 
fullerene layer and p type semiconductor layer which consist of fullerene of C60 grade. Moreover, these layers, Since it is 
considering as the laminating composition arranged in order of the specification of the above [ a transparent base material, a 
transparent electrode, and a back electrode ] at least While the outstanding photoelectric transfer characteristics, such as high 
photocurrent efficiency and a high rectifying action, were shown, when the p type semiconductor material of an organic system is 
used for a p type semiconductor layer, high weatherability is obtained, and the performance whose light source of high brightness 
is also photodegradation and which was [ be / nothing ] excellent is demonstrated. Moreover, since an organic system p type 
semiconductor material which can produce a film easily especially by the easy producing-film methods, such as a vacuum 
deposition method and the solution applying method, can be used suitably and a fullerene layer can be produced easily similarly, 
manufacture of an element is remarkable also from this point, and the optoelectric transducer of this invention is easy, and also 
has the advantage on manufacture of being able to reduce a manufacturing cost. 

[0040] That is, according to this invention, the new optoelectric transducer which has an advantage, such as excelling in an 
above-mentioned basic property and above-mentioned practicality, and excelling also in productivity, for example, can be used in 
favor of various kinds of uses, such as a solar battery, can be offered, and the value on the industry is very large. 
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Japan Patent Office is not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is cross-section explanatory drawing showing one example of the composition of the optoelectric transducer of this 
invention. 

[Description of Notations] 

1 Transparent Base Material 

2 Transparent Electrode 

3 P Type Semiconductor Layer 

4 Fullerene Layer 

5 Back Electrode 

6 Lead Wire 

7 Lead Wire 

8 Irradiation Light 

9 Photocurrent 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optoelectric transducer characterized by having carried out the laminating of a p type semiconductor layer, a 
fullerene layer, and the back electrode one by one, and constituting them on the transparent electrode on a transparent base 
material. 
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A^H^ P 68-7 0. ¥j£3^9£ 6 0] . Z 

mwmo;. m&te. mtssmTxitim^miz 

Zbimx^Z. tit. m($i <«£4 0 0nm) £ 

ynyhWBi (a i fSM) mfrhfai&feQftiitXv 
Zbfrt>. ynybAim&byy-UyCeombcoft 

mtfffi8&*7*ti>(obmfcLxt}*). -u. «§m$m 
mmcm&x-teyayhAimmzmzLtimzm 

ftvmi&£*tzbi>mtt>x^&. mz. jrtoes 

c A^«f«fe**^ yuyh^Aimkbyy-vym 

(aio, ) m&tfW!ht>iihzbfrt>. imnm^ 
m^mRx/wmm^mmt^ <t>k i o* t&guitcs 

20 [0007] ZOXolZ. 77— I^Cso^JlfcA 1^ 
Au fcv^^SSffi*ttiim^^»t18i£L^m 

[0 008] tz*>t)K y=7-vyc6tWe>yy-\/y 
tEin&tvxiv&i)*-?*:. 

[0009] 

[&W*?2feLJ:di:-t&im] luSVift 
fi-^v Sfirt: t><0"C*S . 

30 [ooio] ^mmmit. tttwsmm. w&m<r> 
%m^m^mzmth}^z^mmjmMxh^mi^ 

K^Kb-mmStkz^mi. Lfrt>W&) s ®%XS>h%b' 
[0011 ] 

^t«. y^-^ycs^yy-vymim^h 

K^^ : *<vmL\^mmz^xmffl$&Wb 
it. *<m%. yy--\symmtz&%<bhpmm 
m*m\K mmtt±.emmm±.iz. P m*m& 
40 m. yy-vym. rtvtm&ZMmmLtMtfiiG 

&Zb£M.iillti. 

[0012] *m$kh\$±b LXZtlh<r>mj,zgr} 

^x^mim^t^z^it. 

[ooi3] *mu. mmtt±.<r>mim 

mmm Lxm&iKz b imbt&ftngm?^ 



[0014] ^m^m^zm^hmismmib tx 
so it. mzmmt%< . meymmmerfegmm* 



(3) 
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rm&x-hh. zommt lx\±. mm. ayx. 

[ooi5] Kwncnm^nwsmmt Lxm^i im 
mm&ttxi>. mmmattK. waommmm 
(nxmsmmtt t'izmm § ti& t, t'&m<mwx- 

mtixn. mm. nofmrn. NESAimm 10 
(D4mm$ijm*Mm. a ng^Auiitt'^ 

x-^.mmt. i Tomm&%t'<v^&m%mB)m 
tit. 

[0016] xmicym^mmmt Lxm^imm 
pm.¥mfm\i. 'jmvpm^mtmw&nvtfn 

WLpm*mi*t lxh. mm. ytu^T-y. #a 20 

yyy$m$t*. x+i^ymmimnmmfo^to 

*>f>5:S^pI» GaAs, CdS. y'Ja 

ym<&mz&pm ! m#. t>&wt. z.ttt><mx-£ 

tz x ixmBtf&ff v***-^ t wo tixremizmazti 
h*>*>u m&mmwmz%mixx^hpm 
isvriymmmmmto^w®z®mthztLh. 30 

[0017] Wl^.7 9 o ^T^Vfc LTJ±. ««tf> 
[0018] -I?)pS?¥gWl«JBJ£l;L 40 

is. mpmmm\*. ms,^^. §w>^. 
mmm. cvurn. wmftffit&zi&mtifisLK 

m^^mm^LKim^mt Lxwmg.-?* 
zttfTtz. mm. pi^'jny^ffli^, p 



mttmm-sui. wm&m i f&®x'$>&t^oj&)> 
[ 0 0 1 9 ] Wiz. mpwmwm\z\±. -mizistx 
y-tizmmLxmmfiLZfTixhx^L. m 

[0020] *%Bfl^*^Wffi(£SSfc LTfflV^frfB 
yy~vym\t. iax«2SJM±<077-i->1H*^ 

-I'ySfcLTIi, Witf. Ceo. C70. c 8 4^S-a 
0>gm®.(oy y-v ymtmfh c: fc . vi*i.*> 

14. lPHfiffltS^W^SU &6W42S 

&±£W&wgtLxmmthzti>x-zi>. ztico 

C 6 o£±j£#i: LZtUzyy-Uydo&Dmcoyy- 

uymtst^ti i>v>*i:#i8mizmizti& . 

[00213 =5ri5. dfi&^-^yS^l^Ji:^- 

ifflS L^»->KHT«1<0^£-^LT k»T fc J: ^ 

«3fi>i:t><0Tfc-5Tt>J:^. -T^ri?^. 7 7-1/^1 
(TMiSMftt LX. mm.<r)y7-vy®£m\vti: 
<. 'J^v^foZtt&t&yy-uym&m^XhX 

zti. mws'Uyy-tttnmvxyy-vym 

[0022] ^mmmTwffifmmk vxm^tmi 

xm&'t&zt&TZz. z<r)*v?w&ki,x\&. m 
mm. ak au. Mg— Agfrmcxkmrn 

nst^-c«=5r<. -miz&ixmm. mmmtm 

[0023] laEpS^flc«^e^k LTlix 3iS. 
5~2 0 0nm. #&L<li. 10~15 0nm«0KH 

zmz_&i:oizi>&<om<Lxi>. *<r>m-<DWs&zfL 
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m^&yj-isymmfrf-mbixm*- (mm. 5 

nmgg)~200nnu #£L<»i. 10~150n 

77-1/ y«<0^ A^TBRlifiBflt" * 75-1^ 
^«fcLT«DJP*fc-f£;: 

OnmJjUi^^fc^SClfctfJJiU^ CLOidtw. 

z.&Xolzs>&*)m<LXi>. Ze>mx-<om)Mz&&~> 

1 0 0 2 5 ] £*k ffS^HStt, jgBBmffi&t^V ? 
[0026] *f|BB<0STO. l5E®flSff±^)l?reS 

m/^tw&fi. znmx j misixx^&nm:iiL 
x^tztifiwmxbz. mut. ^rnm^vm 

ti>. mmti.mm&2. P mm#m3. 75 

tuaxw 

[0027] Srfc. BKOflJfcfcwctt. Zti 

mm&. pm*mm. yj-v>mw>U7 

W&M. *ti?ti£3£l£tX2m&±ij>t>%&§'m 
3§fcfCt>«kv\ tti. Ztit>&m<?ffltzii. <miz& 

ix*%m>m*f8misj:^miT. mm^tamz 
wrcbxw Mt&. pM.¥m#mty?-uym<o 
mz&%zm*<?> i a¥&tts*g»fc t x^l. &m 
mmMmmmtf&tfLZtix^x t> «t v*. 

[0028] miZi>iFCfX?iZ. %>%hk. zcvm? 
Izii. MffifbtlZ X o tBI'J-HH6a^7^ 

mtmzm'?t>m&mf& z t #-cs i . 
[oo29] *%w<m i F<omgim : ?t Lx<om 
■wca v vca. m i iz^tx o tzm%8iffifflm 1 

mwizx^x. mmm2im& (+«) 
mcaa i izif&iift<vje®8i9tfffl\i, zt\,z%h . 

[0 0 3 0] *m*?>m?iZt5\,*X. ®^75- 



tibv&tuzimit. t *> , P mmmt n®. 
*mwb ixmm-iy^-^ymm^hitmk 

(p-n&£) lzX~>X$mZtlX^Z>t><7)b%t$>tl 

[0031] *3SHJi<0§Smi. ^a^sossis^s 

io 9vyy.mwfm<m&ws^:b'<?)m<?& 
mzmixmffrthzbwxzh. wbikx 
oiz, mz. y*7-isym*pm*®im&mtfLZit& 
rnt. m.m%&<4 yy-zm^xt$m%itxi>x 

[oo32] ttz. mmmimb tx mtmmi 
*< . ttMomftx-mfctz z k & . mm. & 
m&mtemuz^&mmmm&z z<m 
wmtz. m&. pm*mm. yj-vymw*-/ 
?w&*m&.Lxhx^i,. bhwt. rtvrnmm 
20 %0m±.iz. yy-xsym. pm^mmimmA 
m P m*mftm±.tz. mmmz^^ti^mm 
m£&£Lxi>^\ t>^^^. P ®.¥mm<m±.iz 
wm&immixm^m^Lx^xw mxo 
iz. ^mi^m^m^mmxnm/u^i.zx-oxm 

[0033] MHmtzmi LfrXo iz. *HWc%fe« 

mm^a. yy-uymbprntmrnzmtK zti 

30 m^ms^&xm^^wom^^mmm 
i^tb^iz. pm^mmiz^w^ypm^mmn 
s:fflofe^tt»sv««ie^*«t. mm. 

^mm>mwmmizx ^xmmzmmmmm 
im p m^mmm imizm^&zt&x'Z inx. 

[0034] Ltitfr,x. xmivimmmwt. m 

40 m. *l©Sffi*«t«>. %&y+m<r)& 

mmmmizinftm^m^b Lxtmizmm-r 

hZbifiX^i. 
[0035] 

immi OTfc. xmicomfcfmvtawmizx 
~>x*m&mzmttnzmwt&#. *%wiztit> 
commiztm^tit t>o-e«^v^. 

[00361IQSW1 

I TO)gft^x^g^-e<7) i TOlS^iBifcipa^ 
frt LXCuy9vi'T-y*4 0 nm<0ff*fcg^& 
50 ^L. -5-cD±t. C6o£4 0nm<Og*fc^t£IS5iU 
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u zwsi. nom (mmm) 

S^fcSS£-*-£ftigS7J£«£U:. ASt^7-2 7 o 
mW/c m**»B&IIMtUy*. gUfcigSEO . 2 5 
V, &*&«8S2. 5m A/cm*. r««7-*»l»*0. 

[0037] JtttMl 

n£¥3«*ci:LTN, N-t'X(2, 5-5>*-5"yU 
-yf-;l/7x-^) - 3, 4, 9, lO-^'JW^x* 

[0038] z<nmkt$mmim&frt>i>?7-\' 

>C0 1 UXt>& Ceo £fS« UAr3t©aft*iW3eWttfc 
ffifvc v > & z b L T v . 
[0039] 

h^xm^ uzmmwtmmm?x'$> -> x . ttz. z 
cot. i«v rtmfi^w&^fc&m<7)@ixfz?ftm£ 



mx'imit^^amxfc^mirm-ti. t 

io [0040] *miz£s>t. ±m<vm*m 

mh zttfx-z zmMKmsmmrmm h z. t 
tfx%. *<r)m±<?>tommhx±^\ 

[Hi ] *m<?>m2&im?<?)m&<o im^tmm 
wmet>h. 

i mmt 
20 2 mmm 
3 pm*m&m 

4 

5 ^'■y^ms 

6 U-H« 

7 y-K« 

8 8B»ft 

9 ftUSS 



[01] 




a, * IBS 

<)-m 

'J -MB 

8 Htt* 

9 *W* 



t t t 
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